The chief purpose of this investigation, outlined and begun in 19161 and briefly reported upon last year,2 has been to explore in the extreme ultra-violet the radiations which can be emitted by the second ring or shell of electrons in the atoms of atomic number from 2 to 13 (helium to aluminium).3
X-ray spectra in that large gaps occur between the frequencies due to the electrons in successive rings or shells. If we could neglect the influence of the negative electrons upon one another we could compute the relative diameters of these shells, for they would be inversely proportional to the limiting frequencies, i.e., in this case in about the ratio 1 to 9; but such computations are of little value save as the roughest sort 3) reveal no lines whatever between the shortest wave-lengths measurable on the plates used in the case of lithium and the familiar series due to its single L-ring electron whose La line is at 6708 A and whose convergence wave-length is at 2299 A.
5. The graph of the La lines of the elements from lithium up is shown in the accompan.ying figure, along with the corresponding graph for the Ka lines from helium up taken from the work of others. The only point on the La graph which has not been directly observed is that corresponding to neon which has been inserted from the resonance potential of that gas.
It is to be observed that the method here employed gives, as I think, the characteristic spectra of the atoms of each element, not of the molecules. If it were possible to work with the atomic gas of each element, the La lines given herewith would be the resonance potentials of these atoms.
The progression thus revealed in these optical spectra is exceedingly interesting and simple, and very like that exhibited by X-ray spectra. The reason it has niot been observed before is clearly because hitherto only the upper ends of these optical spectra have been observable, so that the unfolding of simple relationships between spectra and atomic number had to await the development of an ultra-violet technique. Ne, NTa, 1g, and Al A glance at the figure shows that we now have the complete outline' of all of the types of radiations which are emitted by atoms of small atomic number.
It remains only to fill in the details of their K.x and L. spectra. One interesting fact which appears from a glance at the whole series of spectra of elements from hydrogen to neon is that atoms of odd ordinal all appear to have simple, few-lined spectra, while those of even ordinal number have much more complex spectra.
Phyic Rev., 10,1917 (205 The simplest example of an average is the arithmetical mean. The arithmetical mean of a number of quantities is their sum, divided by their number. If a result is due to a number of causes whose contribution to the result is simply additive, then the result will remain unchanged if for each of these causes is substituted their mean. Now, the causes contributing to an effect may be infinite in number and in this case the ordinary definition of the mean breaks down. In this case some sort of measure may be used to replace number, integration to replace summation, and the notion of mean reappears in a generalized form. For instance, the distance R m one end of a rod to its center of gravity is the mean of its length with reference to its mass, and may be written in the form f dm .-fdm where I stands for length and m for mass. It is to be noted that I is a function of m, and that the mean we are defining is the mean of a function. Furthermore, the quantity, here the mass, in terms of which the mean is taken, is a necessary part of its definition. We must assume, that is, a normal distribution of some quantity to begin with, in this case of mass.
The mean just discussed is not confined to functions of one variable; it admits of an obvious generalization to functions of several variables. Now, there is a very important generalization of the notion of a function of several variables: the function of a line. For example, the attraction of a charged wire on a unit charge in a given position depends on its shape. The length and area of a curve, between two given ordinates depend on its shape. As a curve is essentially a function, these functions of lines may be regarded as functions of functions, and as such are known as functionals. Since a function is determined when its value is known for all arguments, a functional depends on an infinity of numerical determi-294
